The strong enhancement of the ultraviolet emission during solar flares is usually taken as an indication of plasma heating in the low solar atmosphere caused by the deposition of the energy released during these events. Images taken with broadband ultraviolet filters by the Transition Region and Coronal Explorer (TRACE) and Atmospheric Imaging Assembly (AIA 1600 and 1700Å) have revealed the morphology and evolution of flare ribbons in great detail. However, the spectral content of these images is still largely unknown. Without the knowledge of the spectral contribution to these UV filters, the use of these rich imaging datasets is severely limited. Aiming to solve this issue, we estimate the spectral contributions of the AIA UV flare and plage images using high-resolution spectra in the range 1300 to 1900Å from the Skylab NRL SO82B spectrograph. We find that the flare excess emission in AIA 1600Å is composed of the C IV 1550Å doublet (26%), Si I continua (20%), with smaller contributions from many other chromospheric lines such as C I 1561 and 1656Å multiplets, He II 1640Å, Si II 1526 and 1533Å. For the AIA 1700Å band, C I 1656Å multiplet is the main contributor (38%), followed by He II 1640 (17%), and accompanied by a multitude of other chromospheric lines, with minimal contribution from the continuum. Our results can be generalized to state that the AIA UV flare excess emission is of chromospheric origin, while plage emission is dominated by photospheric continuum emission in both channels.
INTRODUCTION
The ultraviolet (UV) emission from solar flares is often regarded as evidence of plasma heating in the low atmosphere, highlighting the location of the energy deposition along with hard X-rays (e.g. Warren & Warshall 2001; Alexander & Coyner 2006; Fletcher & Hudson 2001; Simões et al. 2015a ) and mapping the connectivity of the flaring magnetic loops (e.g. Fletcher 2009; Joshi et al. 2009; Reid et al. 2012) . UV imaging of solar flares by the Transition Region and Coronal Explorer (TRACE; Handy et al. 1999 ) and the Atmospheric Imag-ing Assembly (AIA; Lemen et al. 2012 ) on board the Solar Dynamics Observatory (SDO; Pesnell et al. 2012) has been used extensively to investigate the spatial morphology of flare ribbons and temporal evolution of the UV broadband emission (e.g. Warren & Warshall 2001; Fletcher et al. 2004; Simões et al. 2013; Kazachenko et al. 2017) .
The spectral content in the UV images has seldom been explored. A few exceptions are the investigation of plasma cooling (Qiu et al. 2010; Cheng et al. 2012; Qiu et al. 2013 ) and estimates of the radiation output (Milligan et al. 2014 ) during flares. In contrast, the spectral content in the AIA extreme ultraviolet (EUV) images has been extensively explored. The radiation of the vast majority of spectral lines in the EUV range can be assumed to be optically thin. This assumption
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greatly facilitates the analysis of EUV data by the use of synthetic spectra generated by CHIANTI (Dere et al. 1997; Landi et al. 2013) , which has led to significant advancements in understanding the evolution of hot plasmas in the Sun (e.g. Young et al. 2007; Milligan et al. 2012; Del Zanna & Woods 2013) , and identifying the response of the EUV filters on AIA (O'Dwyer et al. 2010; Milligan & McElroy 2013) . This knowledge of the spectral response of the AIA EUV channels has led to the development of techniques to estimate the differential emission measure of the plasma (e.g. Hannah & Kontar 2012; Del Zanna 2013; Cheung et al. 2015) , and several other studies of the physical characteristics of the plasma in active regions (e.g. Schmelz et al. 2011; Del Zanna 2013) , microflares (e.g. Inglis & Christe 2014; Wright et al. 2017 ) and flares (e.g. Hannah & Kontar 2013; Battaglia et al. 2014; Simões et al. 2015a ). In the UV range, however, the presence of recombination edges and spectral lines originating from neutral and weaklyionised metals, which are unlikely to be optically thin, prevents the direct use of synthetic spectra for similar analysis.
One of the purposes of the UV filters on TRACE was to estimate the C IV emission , given the expected radiative importance of this line (e.g. Bruner & McWhirter 1988; Hawley & Fisher 1994) , and the potential of using its flux as a transition region 'pressure gauge' (Hawley & Fisher 1992) . TRACE C IV images have been explored for studies of quiescent structures (de Wijn & De Pontieu 2006; De Pontieu et al. 2003 ), but not for flare studies, to the best of our knowledge. Similarly, TRACE UV filters were also used to deconvolve the H I Lyman-α channel and the estimate the flare emission of this line (Rubio da Costa et al. 2009 ).
High-resolution UV flare spectra have been observed in the past by a few instruments: the spectrograph SO82B (Bartoe et al. 1977) on the Naval Research Laboratory/Apollo Telescope Mount (NRL/ATM) on Skylab, the SOLar STellar Irradiance Comparison Experiment (SOLSTICE) (Brekke et al. 1996) , and Solar Ultraviolet Measurements of Emitted Radiation (SUMER), on the Solar and Heliospheric Observatory (SOHO) mission (Gontikakis et al. 2013 ). In 1973 -1974 , the SO82B spectrograph made observations of a few flares that provided the means for remarkable advances in our understanding of the flaring atmosphere, the formation of spectral lines and continua, emission measure distribution, electron densities, and mass motions via Doppler-shift analysis (e.g. Doschek et al. 1976; Feldman et al. 1977; Kjeldseth Moe & Nicolas 1977; Dere et al. 1977; Canfield & Cook 1978; Withbroe 1978; Cheng & Kjeldseth Moe 1978; Cheng 1978; Lites & Cook 1979; Cook & Brueckner 1979; Dere & Cook 1979; ). This knowledge of the UV flare spectrum has not been fully applied to the analysis of more recent UV imaging. The Interface Region Imaging Spectrograph (IRIS; De Pontieu et al. 2014 ) covers the UV ranges 1332-1407Å and 2783-2837Å, with high spatial and spectral resolution. While IRIS has allowed many advances in our comprehension of flare physics (e.g. Graham & Cauzzi 2015; Kerr et al. 2015) , there is no overlap with the wavelength range covered by AIA.
In this paper, we use high-resolution spectra in the UV range 1400-1960Å provided by the Skylab NRL SO82B spectrograph to estimate the main spectral contributions into the AIA UV passbands during solar flares. This will enable plasma diagnostic information to be obtained from these two filters. The calibration method of the SO82B data is described in the Appendix A.
SKYLAB NRL SO82B SPECTROGRAPH
We employ data from the SO82B spectroheliograph on Skylab NRL's Apollo Telescope Mount Experiment. The data and supporting documents are available online 1 . The spectrograph observed through a slit of 2 ×60 (1450×43500 km), with no spatial resolution along the slit. The instrument covered the wavelength range 970-1960Å, with a spectral resolution of 0.06Å. The SO82B spectrograph provided UV spectra of solar flares with perhaps the highest spectral resolution, available over a wide spectral range, and with sufficiently small fieldof-view so that contributions from quiescent regions did not affect the observed spectra. We refer the reader to Cook & Brueckner (1979) , Doyle & Cook (1992) , and references therein for more details and references about the instrument and data calibration.
Overview of SOL1973-09-07 X1
The solar flare SOL1973-09-07, an X-ray class X1 event (classified by Solrad 9 observations in the band 1-8Å), occurred in active region NOAA AR209, located at S22W43. SO82B exposures began 12 minutes after the soft X-ray peak, therefore the observation took place during the gradual phase of the flare. The event was a two-ribbon flare, as observed in Hα images. According to Cook & Brueckner (1979) , the spectrograph slit was entirely positioned within the flaring area, therefore no filling factor corrections are necessary. The spectrum of a plage in active region NOAA AR219 observed on 1973 September 11 is used as a reference for the quiescent Sun. The information regarding the flare and plage ob-servations are described in Table 1 . Further details and analysis of the event can be found elsewhere (Cook & Brueckner 1979; Doyle & Phillips 1992) .
The calibrated spectra for SOL1973-09-07 and for plage are presented in Figure 1 (see also Doyle & Cook 1992) , along with the response functions of the AIA UV filters 1600Å and 1700Å. Our data calibration method is described in Appendix A.
From Figure 1 , it is clear that most, if not all, spectral lines in this wavelength range are enhanced during the flare. Here we focus on the lines within the AIA UV range, 1500 < λ < 1850Å. Figure 1 . Many other lines, mostly from neutral and weakly-ionized metals (e.g. C I, Si I, S I, O I, Fe II) are also enhanced during the flare. There is also a clear enhancement of different parts of the continuum, especially the Si I 3p 2 3 P continuum with an edge at 1525Å. The continuum at λ > 1700Å does not show any flarerelated increase, similar to other events observed in this range (Cook & Brueckner 1979; Cheng & Kjeldseth Moe 1978; Brekke et al. 1996) . The measured intensity values (in erg s −1 cm −2 sr −1 ) of the strongest lines and continuum ranges (further discussed in Section 3.3) were obtained by integrating the specific intensity spectrum, I(λ), of each spectral feature in both flare and plage spectra:
The underlying continuum was subtracted to calculate the line intensity values. The results are presented in the upper part of AIA records images of the entire Sun with a spatial resolution of about 1.3 , using 9 filters: 7 EUV channels (94, 131, 171, 193, 211, 304 and 335Å) and 2 UV channels (1600 and 1700Å). The cadence of the images is 12 seconds for the EUV channels, and 24 seconds for the UV channels. Each pixel in an image will have a count or 'data number' (DN) value for wavelength channel, i, given by the integrated specific intensity, I(λ, Ω), over the solid angle Ω subtended by the pixel:
where R i is the wavelength response function of channel i of the telescope.
In Figure 2 we present the convolution of the flare excess spectrum along with the AIA response functions, R i , of the UV filters 1600Å and 1700Å for reference. The contributions of the spectral lines and continua to the AIA passbands were estimated using Equation 1. We convolved each observed spectrum, I(λ), through the response functions, R i (λ), (for each channel i, 1600Å and 1700Å) obtaining the equivalent intensity, DN i (λ) (DN s −1 pixel −1Å−1 ). Then, for each spectral feature in both flare and plage spectra we integrated DN i (λ) in wavelength using a simple trapezoidal rule. The flare excess contribution was then found by subtracting the plage intensity from the flare intensity. The results are presented in Table 4 . We calculated the total DN values by integrating the entire convolved spectrum, DN(total), which can be directly associated with the DN pixel values in AIA images. These values were used to obtain the contribution from the multitude of other spectral lines: DN(other lines) = DN(total) − DN(strong lines) − DN(continuum).
The responses of the UV filters on AIA were obtained via the standard SolarSoftWare (SSW; Freeland & Handy 1998 ) routine aia_get_response, with keywords area uv, dn set (Boerner et al. 2012) . The response function of each channel, R i , is the product of the effective area, A eff (λ), (in cm 2 ) and the gain, G(λ), (DN photon −1 ) (Boerner et al. 2012) . Degradation over time of the UV channels has been identified by the AIA instrument team (W. Liu and M. Cheung, private comm.) and corrected via cross-calibration with the Solar EUV Experiment (SEE) instrument on the Thermosphere Ionosphere Mesosphere Energetics and Dynamics (TIMED) mission (Woods et al. 2005) . In the present work we use the original UV filter responses and note that the proper time-dependent correction must be applied to the AIA UV data for any quantitative analysis.
Spectral lines
The main spectral lines within the 1600Å passband are Si II 1526Å and 1533Å, the C IV 1550 doublet, both C I lines at 1560Å and 1656Å, He II 1640Å, and Al II 1670Å. For the 1700Å passband, the main spectral lines are C I 1656Å, He II 1640Å, Al II 1670Å, and Si II 1808Å and 1817Å. It is important to note that, in both filters, a multitude of other lines also contribute. The detailed convolved spectra for the flare and plage are shown in Figure 3 , where the shaded areas represent the wavelength range for integration to obtain the line intensity (in DN s −1 pixel −1 ).
Continuum
The wide range of the UV spectrum covered by the AIA UV filters is populated by a number of free-bound recombination edges of neutral metals (Vernazza et al. 1973 (Vernazza et al. , 1976 (Vernazza et al. , 1981 . The shorter wavelength range 1160 < λ < 1430Å, containing recombination continua from C I 2p 2 3 P (edge at 1100Å) and C I 2p 2 1 D (edge at 1239Å), is negligible for the AIA UV filters. The range 1430 < λ < 1525Å corresponds to the free-bound continuum of Si I 3p 2 3 P (1525Å), while 1525 < λ < 1700Å corresponds to the free-bound continuum of Si I 3p 2 1 D (1683Å), with very weak contributions from free-bound Mg I 3s 2 1 S 0 (1622Å) and Fe I 4s 2 5 F (1574Å). Lastly, 1700 < λ < 1960Å is mostly associated with the freebound continua of Fe I 4s 2 5 D (1768Å) and Si I 3p 2 1 S (1986Å).
In order to characterize the continuum, we identified spectral regions without spectral lines, based on the analysis by Cook & Brueckner (1979) , and calculated the average specific intensity at those wavelength positions. The resulting values were then fitted with polynomial functions of the wavelength inÅ , of degree N ,
to represent the continuum at different spectral ranges, 1160 < λ < 1430Å (N = 4), 1430 < λ < 1525Å (N = 1), 1525 < λ < 1700Å (N = 2), and 1700 < λ < 1960Å (N = 4), as shown in Figure 4 . The polynomial coefficients are given in Table 3 . This method produced a good agreement with the continuum spectrum reported by Cook & Brueckner (1979) , for the same observations ( Figure 5a ). The recombination edge at 1525Å of Si I 3p 2 3 P is evident in the flare spectrum, while no continuum enhancement is detected above 1700Å (Fig. 4) . The continuum specific intensity I λ was then integrated in wavelength to obtain the intensity, presented in Table 2.
The parametric fits that characterize the UV continuum were then convolved them with the AIA response functions, obtaining the DN spectra in Figure 5b , for both the flare and plage region. These were then integrated in wavelength to obtain the continuum intensity in the same range used for the fitting (Table 4) . The continuum enhancement contributing to the AIA 1600Å filter between 1400 < λ < 1700Å, including the Si I 1525Å edge, is evident ( A filter, the contribution of the enhanced continuum is smaller, only between 1600 < λ < 1700Å.
DISCUSSION
From the DN values of the main spectral features in the UV spectra in Table 4 , we calculated the fractional contributions of each spectral feature j to the AIA UV passbands, defined as DN(j)/DN(total). All the fractional contributions are shown in Table 5 and in Figure 6 . The results can be summarized as follows. For AIA 1600Å, the strongest contributors to the flare excess emission are: 26% C IV doublet, 20% continuum (free-bound Si I 3 P 1525Å and Si I 1 D 1683Å), 31% from the sum of the C I multiplets, He II 1640Å, Si II doublet, and 21% from the other lines. For AIA 1700Å, the strongest contributors to the flare excess emission are: 38% C I 1656, 17% He II 1640Å, 39% from the other lines, and only 6% from continuum.
For the plage emission, the continuum emission dominates in both filters (Table 5 and Figure 6 ). It amounts to 67% in 1600Å, with 10% C IV, 11% from the strong lines and 12% from the other lines, and 87% in 1700Å, with 13% from the spectral lines combined. Different portions of the continuum, formed near the temperature minimum region (Vernazza et al. 1981) , contribute in each passband, with 1525 < λ < 1700Å having the strongest contribution to 1600Å (Si I 1683Å) and λ > 1700Å (Fe I 1768Å and Si I 1986Å) to 1700Å. This result is not surprising and is, in fact, expected since the AIA UV images display clear photospheric characteristics such as network, penumbrae, and umbrae. Evidently, in AIA UV images the flaring pixels contain the emission from both the flaring plasma and underlying atmosphere, and therefore, to compare our flare excess results with the AIA data it would be necessary to subtract the pre-flare emission.
Our results indicate the dominance of spectral lines in the temperature range 4.2 < log T < 5.1 in the AIA UV flare emission. They also naturally explain the cotemporal and co-spatial hard X-ray and UV emission during flares that has been observed for decades (e.g. Cheng et al. 2012). Moreover, these results explain the observations of UV bright features at energy release sites near the top of flaring/reconnecting loops as the presence of plasma in the temperature range 4.2 < log T < 5.1 (Tian et al. 2014; Simões et al. 2015b,a) . In their analysis of the time evolution of the UV emission from flare ribbons, Cheng et al. (2012) and Qiu et al. (2013) assumed that the AIA 1600Å images are dominated by the C IV 1550Å doublet plus continuum contribution, and that the AIA 1700Å images are dominated by continuum emission, ignoring any contribution from other lines. Our results indicate that those assumptions are not entirely valid. However, further analysis of this type using AIA UV images should be encouraged.
Brief comparison of the UV spectrum of solar flares
Observations of the UV spectrum during flares are rare. Apart from SOL1973-09-07, detected by SO82B, the other observation available is of SOL1992-02-27, presented by Brekke et al. (1996) . There are some considerable differences in the line intensity values I obtained from this SO82B observation of SOL1973-09-07 (Table  2 ) and the estimated I f values from Brekke et al. (1996) (their Table 2 ), using the SOLSTICE data of SOL1992-02-27. However, these events were observed at different phases: SOL1992-02-27 was observed during the impulsive phase while SOL1973-09-07 data was taken during its gradual phase. Moreover, the SOLSTICE instrument obtained the spectrum by scanning in wavelength over a period of about 4 minutes, whereas for SOL1973-09-07 the spectrum was obtained in a single exposure. Therefore, it is not surprising that the line intensities from Brekke et al. (1996) are larger than the values presented here. In particular, in SOL1992-02-27, the C IV 1548.2 and 1550.8Å and Si II 1526.7 and 1533.4Å doublets were observed near the maximum of the impulsive phase and present much larger intensities than the lines at longer wavelengths that were detected at earlier stages of the flare. The differences in the observational methods may also have had an effect, since SO82B observed using a narrow slit positioned over the active region, while SOL-STICE observed the entire Sun without spatial resolution, putting the quiet Sun as the reference background emission.
Therefore, a direct comparison of the relative line intensities is not possible since they refer to different stages of the flare in SOL1992-02-27. Nevertheless, the same main spectral lines are found in both events. We make this comparison here as a word of caution regarding the interpretation of the spectral components of AIA UV images.
Recombination continua in the UV range
The Si I continua are often regarded as important contributions to UV images. Our results indicate clearly that the free-bound continua Si I 3p 2 3 P 1525Å and Si I 3p 2 1 D 1683Å are the dominant features the AIA 1600Å images in quiescent times. For AIA 1700Å images the continua above 1700Å, Fe I 4s 2 5 D (1768Å) and Si I 3p 2 1 S (1986Å), are the predominant features. We speculate that the contribution of Si I and Fe I continua would be negligible in flaring structures observed off-limb with UV images. As noted in previous works, the Si I continua are formed around the temperature minimum region, and are enhanced during flares by the radiation field of chromospheric spectral lines (Machado & Henoux 1982; Machado et al. 1986 Machado et al. , 1989 Doyle & Phillips 1992) . Moreover, UV spectroscopic observations by Samain et al. (1975) show no off-limb continuum in the range 1460-1750Å. Therefore, flaring structures observed above the limb in UV images should be dominated by chromospheric spectral lines. This should increase the potential use of UV images for many types of studies e.g. in the diagnostic of coronal rain during the late phase of solar flares (Antolin et al. 2015; Froment et al. 2018) .
On the other hand, we should also consider the possibility that the flare contribution from Si I 3p 2 3 P 1525Å Si I 3p 2 1 D 1683Å continua may occur higher in the atmosphere than in the quiet Sun, possibly as optically thin emission. During flares, the ionization of H in the chromosphere frees electrons, increasing the electron density to around 10 13 -10 14 cm −3 , as noted in both observations (e.g.Švestka 1972) and radiative hydrodynamic models (e.g. Simões et al. 2017) . The excess of free electrons may, under non-equilibrium conditions, force recombination of Si II into Si I. This possibility should be investigated using radiative hydrodynamic calculations, e.g. RADYN (Carlsson & Stein 1995; Allred et al. 2015) and Flarix (Varady et al. 2010; Heinzel et al. 2017 ).
CONCLUSIONS
We have estimated the contributions of UV spectral lines and continua to the AIA UV 1600 and 1700Å passbands. Given the lack of current spectroscopic data in the 1300-1900Å range, we employed observations of the flare SOL1973-09-07 with high spectral resolution made by the NRL SO82B spectrograph on Skylab. We find that the flare excess emission in both AIA UV filters is dominated by spectral lines formed in the chromosphere and transition region, with a temperature range 4.2 < log T < 5.1. We also confirm that quiescent plage emission captured by these filters is dominated by the continuum formed in the photosphere.
The calibrated spectrum of the flare and a plage region (used as a reference spectrum during quiescent times) were convolved with the AIA filter response and the contributions of the main spectral lines and continua for the flare excess were obtained. We find that in the AIA 1600Å images the flare excess is composed of 26% of C IV 1550Å, 20% of Si I continua, 11% of C I 1656Å, 9% of He II 1640Å, 7% of C I 1561Å, 5% of Si II 1526 & 1533Å, plus 21% of hundreds of weaker lines from neutral and weakly-ionized metals. For AIA 1700Å images, the flare excess is formed of 38% C I 1656Å, 17% He II 1640Å, 12% from the combined contributions from Al II 1671, Fe II 1713, Si II 1808 and 1817, 28% from weaker lines from neutral and weakly-ionized metals, and only 6% from Si I 1 D continuum. The plage emission is dominated by continuum emission; 67% in the AIA 1600Å filter and 87% in the 1700Å filter. This is expected given the typical photospheric features often seen in the AIA UV images of the quiet Sun.
Our results should be taken as a guideline for the interpretation of the flare emission in the UV bands observed by AIA. These should by no means be taken as the definitive fractions of the flare spectral components in those filters, since flare emission varies dynamically during an event, and also from event to event, so the relative contributions are likely to change. However, these variations should not be extreme, i.e. C IV 1550Å doublet and other chromospheric lines should be the main contributors to the flare excess emission detected by AIA 1600Å. At the same time, the C I multiplet at 1656Å and He II 1640Å should account for the largest fraction of the flare excess emission into the AIA 1700Å passband, with negligible contribution from continua.
Since spectral observations with high-resolution in this UV range are rare and thus the evolution of the UV spectrum during flares is still largely unknown, radiative hydrodynamic simulations should be used to examine the validity of our results. However, most of the lines in this range are not considered to be energetically important in the solution of the radiative transfer of the flaring plasma and therefore tend to be ignored in the current solutions. The inclusion of C and Si atomic database in current tools for radiative hydrodynamic modeling should allow us to revisit previous works regarding the behavior of the main spectral lines such as C IV and C I, and Si I continua during flares.
Lines of neutral or weakly ionized metals such as C I, Si I, Fe II, Si II, and C II are abundant and strongly enhanced during flares (Doyle & Cook 1992) , and have been useful in the construction of semi-empirical flare atmospheric models (e.g. Lites & Cook 1979; Machado et al. 1980) . Lines of some of these elements are currently being observed by IRIS (e.g. Si IV 1393.755 and 1402.770, C II 1334.535 and 1335.708; see Polito et al. 2016; Warren et al. 2016; Reep et al. 2016) , and could potentially be used to estimate the intensity of the lines of the same elements at longer wavelengths, within the AIA UV range.
Armed with this new information about the spectral composition of AIA UV images, joint analysis of IRIS and AIA UV data may help to reveal more about the UV spectrum of flares and quiescent solar features (e.g. Selhorst et al. 2017) , and also to explore the AIA data since 2010 for long-term variability of several solar structures (e.g. Silva et al. 2016 ).
We would like to express our gratitude to NRL for maintaining an online catalog of the SO82B data archive and its manual. Here we describe our method of obtaining the calibrated spectrum of the flare SOL1973-09-07 and plage (Doyle & Cook 1992 ) from the digitized film strips. Although film data for other flares do exist, e.g. SOL1973-09-05 (Cheng 1978;  Cheng & Kjeldseth Moe 1978) and SOL1973-08-09 (Cook & Brueckner 1979) , the values of the specific intensity of spectral lines are not published and prevent the reconstruction of the characteristic curves using our method. However, We note that specific intensity or line-integrated intensity values (erg s −1 cm −2 sr −1 ) of a selection of strong lines have been reported for some other events (Cheng 1978; Lites & Cook 1979) .
A.1. Digitized film strips
The original SO82B films have a physical size of 35 mm by 250 mm and their high-resolution digitized versions are available as FITS files at http://louis14.nrl.navy.mil/skylab/, along with the instrument manual, which provides the necessary information to identify the film plate numbers for a given observation. The film plates used in our work are 2B450-004 (flare, shown in the top panel of Figure 7 ) and 2B476-007 (plage).
The spectrum registered on the film generally presents a curvature, more pronounced at longer wavelengths. We identified the strongest spectral features which we then used to trace a curve through the center of the registered spectrum. By taking the mean of a band with width of 64 pixels around the central curve we obtain the spectrum in digitized film density values. The fog density value (i.e. the film noise), as a function of wavelength position (the long side of the film), was estimated by taking the mean value of digitized film density of two strips above and below the registered spectrum, which was then subtracted from the spectrum. Finally, the spectrum was scaled by a normalization factor f , which will be described below. The final digitized film density spectrum for the flare is shown in the bottom panel of Figure 7 . Table 6 . Spectral lines used for wavelength calibration based on the observed wavelengths given by Sandlin et al. (1986 
A.2. Wavelength calibration
The wavelength calibration was done by identifying strong and unblended lines using the references given by Sandlin et al. (1986) . Eventual Doppler shift effects in the lines can be considered small for our purpose (in comparison with the AIA UV filter widths) and can be safely neglected. The selected lines, their reference wavelength and the final wavelength calibration for the flare and plage data are presented in Figure 8 .
A.3. Intensity calibration
The intensity calibration of film data is normally performed by the use of the characteristic curves of the film and calibrations curves of the instrument, with the following expression log I λ = log E abs − log t exp + log E rel . Figure 9 . Absolute intensity calibration curve of SO82B, originally published as Figure 5 .2 of the spectrograph manual.
The term log E abs is obtained from the absolute intensity calibration curve (Nicolas 1977; Kjeldseth Moe & Nicolas 1977) , with an overall uncertainty in the range 25-50% (Doyle & Cook 1992 ). This curve was originally published as Figure 5 .2 of the SO82B manual, reproduced here in Figure 9 . The film exposure log E rel is obtained from the characteristic curves of the film and the film density D of the observation. These curves indicate the non-linear association of log E rel and D. Finally, log t exp is the time exposure.
According to the SO82B manual, there is no single characteristic curve that is appropriate for all observations. Each film batch has its own non-linear response. Cook et al. (1988) presented a method to obtain the characteristic curves from film strips. Although it might be possible to apply that technique to digitized film data, the method is based on the comparison of films taken with two different exposure times and it relies on the assumption that the spectral lines have the same intensity. Evidently, this method cannot be used for flare data since the intensity of the spectral lines vary during events. We first experimented with the sample curves presented in the SO82B manual and elsewhere (Doschek et al. 1976) . The utilization of such characteristic curves require film density values, which are not available from the digitized films; we experimented applying arbitrary scaling factors to convert the digitized film values back to analog values. Unfortunately, none of our initial attempts were successful in obtaining specific intensity values as presented by Doyle & Cook (1992) or Cook & Brueckner (1979) (for the continuum).
The solution was then to re-construct the characteristic curves by comparing the digitized film values with physical values sampled from the published spectra in Doyle & Cook (1992) . Using digitizer software 2 we sampled log I values of several lines and continuum positions from both flare and plage spectra. These values were then converted to log E rel using Eqn. A1. We verified that the errors in digitizing the data are of the order of 0.016 dex 3 , and are relatively small compared to other uncertainties in the data (Doyle & Cook 1992) . The time exposures log t exp for the flare and plage data are given in Table 1 .
Values of the digitized film D were then obtained for the same wavelength positions of the spectral points read from Doyle & Cook (1992) . The final characteristic curve is then obtained by fitting a function to the points of D (digitized data) as a function of log E rel (reference). We chose a triple broken-line function (Equation A4)
where x = log E rel , and b 2 = (a 1 − a 2 )x 1 + b 1 and b 3 = (a 2 − a 3 )x 2 + b 2 . This function was selected as a way to approximate the the linear and non-linear (at film density extremes) properties of the film, and the fitting was performed using the non-linear least-squares fitting routine mpfitfun (Markwardt 2009 ). The parameters for the reconstructed characteristic curve are given in Table 7 . The reconstructed characteristic curve, along with the values log E rel and Digital film density Figure 10 . Reconstructed characteristic curves for the (a) flare and (b) plage, using several measured data points in the continuum (blue diamonds) and lines (red crosses). The saturated (green squares) were not used in the fitting.
D used, are shown in Figure 10 . The red crosses represent points read from spectral lines and blue diamonds from continuum. The green squares represent strong spectral lines for which peak intensities are not available from Doyle & Cook (1992) and were not used in the fitting procedure. During the fitting procedure, we iteratively adjusted the normalization factor f in order to make the characteristic curves normalized so that D = 0.3 refers to log E rel = 0, so that the absolute calibration curve (Figure 9 normalized in similar way) could be used. The final values for f are 1.2 and 0.8 for the flare and plage data, respectively. Our final spectra, in specific intensity units, were obtained by using our characteristic curves (Figure 10 ), and show a good agreement with the spectra in Doyle & Cook (1992) . The distribution of the relative errors (in log I) between our calibrated values and the ones measured from Doyle & Cook (1992) are shown in Figure 12 , and are generally smaller than 15%. Figure 11 . Calibrated NRL SO82B spectra for the (a) flare and (b) plage. The symbols (described in the legend) indicate digitized values obtained from Doyle & Cook (1992) and the dotted line shows the lower limit of the strongest lines, also from Doyle & Cook (1992) . 
